Although forested wetlands are relatively abundant on the coastal plain of North Carolina, restoration of forested wetlands is becoming more common since these communities are frequent targets for impact or destruction, especially as a result of road construction projects. Successful restoration of ecosystems is made difficult by a lack of basic knowledge about the soil and hydrologic characteristics of different types of forested wetlands. The plant community composition of two forested wetlands types is described: bottomland hardwood communities and a coastal plain small stream swamp. The edaphic and hydrologic characteristics of each community type were also compared. Many researchers have suggested the construction of detailed water budgets to describe the hydrologic regimes of natural forested wetlands and for use in restoration projects. Although several soil and hydrologic characteristics were associated with variation in plant community composition, the results of this investigation suggest that using a particular flood frequency as a surrogate measure of several flood frequencies may be sufficient to explain this variation. Use of this information would simplify the reconstruction of appropriate hydrologic regimes in forested wetlands and perhaps increase the success of restoration projects.
The southeastern United States contains 65 percent of the nation's forested wetlands (1) . These areas are valuable because they maintain water quality; provide recreation areas, wildlife habitat, and flood protection; and are an important part of nutrient cycles and water quality maintenance. The study of these community types is difficult because of their complexity. A lack of basic knowledge about the factors that influence plant community composition makes successful restoration of these areas difficult. The 20-year span from the mid-1950s to the mid-1970s saw the loss of 6 million acres of forested wetlands in the United States (2) . It has been estimated that half of the original forested wetlands in the southeastern United States have been destroyed. Section 906 of the United States Water Resources Development Act of 1986 states that future mitigation plans for federal water projects should include plans to ensure that impacts on bottomland hardwood forests are mitigated in kind, to the extent possible.
The future of environmental regulation is uncertain. The amount of wetland restoration and creation is likely to increase because federal regulations currently require mitigation for impacts on much of the remaining wetlands in Section 404 of the Clean Water Act. Minimization and avoidance of wetlands impacts are standard; yet, highway projects and other forms of development are frequently permitted by resource agencies to encroach on wetlands of many types following an analysis of the need for such encroachment. What this practice suggests is that understanding of forested wetland ecosystems and of how they work is essential since so many forested wetlands are subject to destruction and subsequent restoration. Moreover, forested wetlands take a longer time to create or restore than other wetland types, making remediation of failed sites difficult.
Complex combinations of hydrologic regimes, soil fertility, and disturbance have significant effects on plant community composition and structure. Moisture regimes influence a variety of soil factors, making the understanding of wetland hydrology essential for more complete understanding of forested wetland communities. Several researchers have suggested that wetland hydrology plays a major role in plant community composition (3) (4) (5) (6) . Different plants exhibit different ranges of tolerance to the flooding and soil conditions that are observed in the different types of forested wetlands present on the North Carolina coastal plain. Because of the absence of in-depth studies on forested wetland communities containing specific information about moisture regimes, restoring or creating the conditions present in natural wetlands for mitigation projects is very difficult. The hydrologic and soil characteristics in different types of forested wetlands must be investigated in order to answer questions about frequency, depth, seasonality, and duration of flooding needed to provide a proper hydrologic regime for a specific plant type. What soil characteristics are suitable for a given community? What are the specific differences, if any, in the hydrologic and soil conditions that support different types of forested wetlands?
Forested wetlands include, among other types, bottomland hardwood stands, cypress-gum swamps, levee forests, and small stream swamps (7) . Bottomland hardwood communities of the southeastern United States exhibit a wide range of moisture regimes, from continuously flooded swamps to ridges flooded less often and for shorter periods (8) . Water movement, flood frequency and depth, and flood timing (seasonality) are major factors that affect plant species composition in wetlands (6, 9) . Soil fertility, soil type, and water chemistry are other important factors. Different species are able to tolerate different flooding conditions, resulting in the various types of forested wetlands that can be found in the North Carolina coastal plain.
Leitman et al. (4) related long-term hydrology of sites on the Appalachicola River floodplain to tree distribution. Five forest types were characterized on the basis of dominant tree species. Leitman was able to approximate long-term hydrologic conditions by extrapolating 1980 water data taken during the investigation back to 1958 using long-term and short-term water gauges. Stage, duration of flooding and saturation, and water level fluctuation were found to be highly correlated to forest types (4).
Clearly, one of the most important factors in wetland restoration or construction is the hydrologic regime of the site (10) . Despite the importance of the effect of hydrologic processes on the composition of forested wetlands, very few studies have made complete measurements of the water regime components. The hydrology of a restored or created wetland must emulate the hydrologic conditions present in natural systems. Any deviation from the conditions can produce less-than-optimal results or mortality (11) . There is a great need for basic knowledge of the processes occurring in natural wetlands. Restoration projects often fail because there is a lack of understanding of how wetland ecosystems work. Because "ecosystem function is intimately related to the vegetation," attempts at forested wetland restoration often focus on replacing the plant communities without significant regard to hydrologic or soil characteristics (11) .
Forested wetland community composition is affected by a variety of ecological factors. The understanding of the effects of these factors on plant communities is limited, and successful restoration or creation of wetlands is often not ensured. When road projects affect wetlands, it is desirable and often required to restore wetlands with a specific result in mind, but specific information is lacking about certain wetland types to attain the target communities. There are subtle differences along various ecological gradients that support forested wetland communities. These differences need to be quantified and compared among several reference wetlands.
The objective of this paper is to describe the long-term hydrologic conditions, soil characteristics, elevation, and species composition of different types of forested wetland communities on the North Carolina coastal plain. Correlations between community composition and specific factors should help in determining whether differences in hydrology, elevation, and soil characteristics affect plant community composition in predictable ways. In addition, it is intended that this information be used in the formulation of guidelines for restoring and creating forested wetlands with the types of communities in this study as target communities.
METHODS

Site Selection
Sites were selected from forested wetland communities along streams and rivers on North Carolina's coastal plain, using the following criteria: (a) hydrologic data (daily stream stage) from a U.S. Geological Survey (USGS) gauging station for greater than 10 years was available; (b) there was no recent disturbance (within the last 20 years); and (c) plant communities were representative of mature forested wetland plant communities as described in Classification of the Natural Communities of North Carolina (7 ) .
Four suitable sites in four coastal plain counties were included in the study (Figure 1 ):
• Chicod Creek near Grimesland, Pitt County;
• Contentnea Creek at Hookerton, Greene County;
• Trent River at Trenton, Jones County; and • Lumber River at Boardman, Robeson County.
Plant Community Descriptions
Vegetation plots were sampled once during the summer of 1995. A variation of the more intensive vegetation plot sampling methods of the North Carolina Vegetation Survey was used to describe the vegetation (12) . At each site, 20-× 50-m (0.1-ha) plots were established. Each 0.1-ha plot was divided into ten 10-× 10-m plots (0.01-ha). Four of the 10-× 10-m subplots contained two 3.16-× 3.16-m intensive plots for sampling understory vegetation. All stems emerging from the intensive plots were recorded and assigned a percentage of cover value estimated from the shadow projection of the canopy area. The percentage of cover value was assigned with respect to a 10-× 10-m area. Additional plant species outside the intensive plots that provided cover for the four 10-× 10-m subplots were also recorded and assigned a cover value. Species found in any of the remaining subplots that were absent from the plots already sampled were recorded as residual species and assigned a cover value with respect to a 10-× 10-m area.
The diameter at breast height (DBH at 1.3 m) of each woody plant over 2 in. in diameter and rooted in the 20-× 50-m plots was recorded. Trees with a DBH of 2.5 to 20.3 cm were considered part of the midstory stratum, while those with a DBH greater than 20.3 cm were considered overstory. Tree species density and basal area were calculated separately for overstory and midstory trees. Plant species identification and terminology were done according to Radford et al. (13) . Plot centers were surveyed to a benchmark to determine the elevation of each plot relative to the USGS gauge. 
Hydrologic Data
The water level at each site was recorded daily for approximately 6 months. These water levels were then correlated to the long-term USGS gauge stage data. The resulting regression models allowed hindcasting of water levels at each site to determine the past hydrologic regime (14) . From the stage data, flood frequency for the growing and dormant seasons, depths, and percentage of inundation at each site were determined.
Soils
Soil cores were taken from the upper 25 cm of the profile. A composite sample from each 10-× 10-m subplot was tested for percentage of humic matter, cation exchange capacity, percentage of base saturation, hydrogen ion concentration, exchangeable acidity, and for calcium, magnesium, potassium, and phosphorus concentrations. The soil profile at the plot center was determined by extracting soil to a depth of 100 cm. Other soil characteristics measured include depth to the least permeable horizon, depth to distinct mottling, and color and thickness of each horizon. Percentages of sand, silt, and clay in the A-horizon and the least permeable horizon were determined (15) .
Data Analyses
All data were summarized on a plot basis. Importance values (IVs) for overstory and midstory trees were calculated using the average of relative basal area and relative frequency for each species by plot:
Relative percentage of cover was used to calculate importance values for understory species.
Ordination techniques were used to analyze the plant community data. The purpose of ordination is to summarize plant community data in such a way that the information is reduced from a multidimensional space to a two-or three-dimensional space. This space indicates similar entities (species, plots) as close together on an ordination graph and dissimilar entities as farther apart (16, 17) .
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Detrended correspondence analysis (DCA) was used to examine the relationships between environmental factors and plant community composition (17) . The axes in DCA can be used to identify which of the factors that were measured are most closely associated with the variation in species composition. This technique allows for the ordination of the 13 study plots along axes based on species composition. Separate ordinations of primary matrices of importance values for the understory, midstory, and overstory were used to obtain scores on the first and second DCA axes. These scores were correlated to a secondary matrix of soil nutrient factors, soil physical properties, and growing season flood frequencies for 1-day through 10-day, 15-day, and 30-day flood events. Flood frequency in the growing season was found to be important in explaining the variation in species composition among the 13 plots. Based on this information, principal components analysis (PCA) was used to ordinate flood frequencies for the growing season to determine how DCA Axis 1 scores were related to flood frequencies. PCA is useful because it maximizes the variance among variables and is statistically optimal for detecting linear relationships when variables are normally distributed (17) . The scores generated by this analysis served as surrogate variables in the determination of the relationship between flood frequency and species composition. An analysis of variance was used to test the significance of the relationship between ordination scores and flood frequency. A standard level of significance of P = .05 was used unless otherwise stated. Canonical correspondence analysis (CCA) was used to create biplots of species ordination scores and vectors representing environmental variables. DCA, PCA, and CCA are part of the PC-ORD ordination program package, Version 2.01 (18, 19) .
RESULTS
Vegetation
Plots within a particular site tended to be similar in species composition, with the exception of Chicod Creek. The most important overstory species at Contentnea Creek were Acer rubrum (red maple), Liquidambar styraciflua (sweet gum), Quercus michauxii (swamp chestnut oak), and Q. phellos (willow oak) ( Table 1 ). The midstory was dominated by A. rubrum and Carpinus caroliniana (ironwood) ( Table 2 ). Plots at the Lumber River were dominated by overstory trees such as Nyssa sylvatica var. biflora (black gum), A. rubrum, Table 1 ). Midstory species richness also varied little among plots (range of 4-13). The understory species richness varied more among plots than the midstory and overstory species richness. The Trent River plots, with 22 to 38 species each, were generally higher in richness than the other plots (with 11 to 19 species; see Table 3 ).
Hydrology
The four sites differed in their surface hydrology, particularly in growing season flood frequencies and percentage of inundation. The Lumber River site had a comparatively lower flood frequency (approximately once every 5 to 12 years) for the short-term floods, but a much higher frequency of floods greater than 30 days in duration (approximately once a year). Also notable is the high frequency of shorter floods at Chicod Creek, especially for floods of 5 days or less (approximately once every 8 months). There was considerable within-site variation in the vegetational and hydrologic features at this site. For example, Plot 2 at Chicod Creek was much drier than other plots at this site, as indicated by a lower frequency of the longer floods (once every 3 years and once a year, respectively). This plot also had a lower percentage of inundation than other plots at this site. Plots at the Trent River also had measurable hydrological differences. Plot 2 had a higher growing season percentage of inundation and frequency of floods greater than 15 days when compared with other plots at that site (approximately once a year compared with once every 2 to 11 years).
Soils
Soil characteristics within a particular site tended to be similar. There were differences in some of the characteristics among sites. The Lumber River plots have soils in the Johnston series, which are very poorly drained and tend to be strongly acid (20) . The pH at the Lumber River was lower than at the other three sites (3.9 compared with 4.3 to 5.8). This soil type also tends to be very frequently flooded for long periods. Contentnea Creek plots have soils in the Kinston series, which are poorly drained and typically acid (21) . These soils are often flooded for brief periods. Soils at Chicod Creek were in the Bibb series and were poorly drained and of medium acidity (22) . Bibb soils are very frequently flooded for brief periods. Percentage of base saturation, cation exchange capacity (CEC), and percentage of calcium were lowest at Contentnea Creek and the Lumber River. Trent River soils were in the Muckalee series (23) . These soils are poorly drained, of medium to neutral acidity, and are frequently flooded for brief periods. Only plots at Contentnea Creek and Plot 1 at the Trent River had soil mottling, which was not correlated to species composition, so it was eliminated from the analysis. Overall, the soils at the sites are similar in that they are all frequently to very frequently flooded. Differences in flood duration are present, which affects the soil fertility differently at each site.
Ordination Analyses
The first DCA axis represents most of the variation among plot ordination scores. Plots with similar ordination scores on both axes are more similar in species composition than plots with dissimilar scores. CEC, percentage of base saturation, pH, percentage of calcium, and concentrations of phosphorus, potassium, and sodium were highly negatively correlated with the first ordination axis. The Lumber River and Contentnea Creek plots have lower CEC, percentage of base saturation, and pH than plots at Chicod Creek. Also, 1-day through 10-day growing season flooding frequencies were highly negatively correlated with the first axis. The environmental factors in this table are not independent. For example, CEC is related to percentage of base saturation and pH and is also based on the mineral properties of the soil. Flood frequencies are also interdependent to some extent. The 4-day flood frequency is correlated to the 3-day flood frequency (r = .93). This correlation falls off at the 30-day flood frequency. One explanation for this is a 30-day flood event would probably require a significant storm event, whereas shorter-duration floods may occur more frequently under normal precipitation conditions. The DCA Axis 1 ordination scores for the overstory importance values are significantly correlated with PCA scores for growing season flooding frequency (r 2 = .73). Of the flood frequencies correlated with DCA Axis 1, the 6-day growing season frequency had the highest correlation (r = .91). There is a significant linear relationship between the 6-day flood frequency and the DCA Axis 1 scores (r 2 = .82) (Figure 2 ). The frequency of the 6-day flood explains most of the variation among plots-in fact, it is more important than all of the growing season flood frequencies combined.
DCA ordination of understory relative cover values indicated that they are correlated with Axis 1, including CEC, percentage of base saturation, pH, and percentage of calcium. The 4-day through 9-day flood frequencies are significantly correlated with the first DCA axis with the 6-day flood frequency having the highest correlation (r = -0.68). Concentrations of phosphorus, potassium, manganese, zinc, copper, percentage of clay in the A-horizon and least horizon, and percentage of sand in the least permeable horizon are highly correlated to the second DCA axis. As with the overstory, the PCA ordination scores for the flood frequencies indicate a relationship between DCA Axis 1 score and flood frequency. The 6-day flood frequency does not explain all of the variation in DCA Axis 1 scores; CEC also contributes to the variation. Figure 3 illustrates the relationship among DCA Axis 1 scores for understory, CEC, and the 6-day flooding frequency. Note the trend from higher to lower DCA scores as the frequency of the 6-day flood increases. Also evident is the negative relationship between CEC and DCA Axis 1 score. An analysis of variance indicates that the understory DCA Axis 1 scores vary linearly with the 6-day flood frequency and CEC, and that this relationship is significant. CEC, percentage of base saturation, pH, and percentage of calcium are highly correlated with the first canonical correspondence analysis (CCA) axis. A biplot of CCA ordination scores for overstory tree species offers a better understanding of the relationship between species and edaphic factors.
With CCA ordination, species that occur together in the study plots (N. aquatica and Fraxinus spp., for example) tend to group together in the biplot. Also, species that are common in several of the study plots, such as A. rubrum and L. styraciflua, occur near the center of the CCA biplot. In the biplot of overstory species, CEC, pH, and percentage of base saturation are closely associated with the first axis (as indicated by their proximity to that axis in Figure 4) . Percentage of clay and concentrations of copper, phosphorus, and potassium are strongly related to the occurrence of species such as Fraxinus spp. and N. aquatica. Q. lyrata appears to be correlated with percentage of sand and calcium. CCA for the midstory importance values indicated a strong negative correlation of factors, such as percentage of clay, concentrations of copper, and zinc to Axis 1. Planera aquatica, Fraxinus spp., Morus rubra (red mulberry), and TRANSPORTATION RESEARCH RECORD 1601 N. aquatica are closely associated with CEC, phosphorus, and potassium. CCA of the understory relative cover values indicated that CEC, percentage of base saturation, and pH are highly correlated with Axis 1 as in the overstory plot. Several species are associated with potassium, percentage of clay, and sulfur.
CONCLUSIONS AND DISCUSSION OF RESULTS
Some of the many environmental factors that control plant community distribution in North Carolina wetlands were elucidated. There were important differences in species composition among the sites studied, while the species compositions of plots within a particular site were generally similar. These composition differences were correlated with differences in hydrological and edaphic factors, such as flood frequency, CEC, pH, and soil texture. Further investigation of additional bottomland hardwood communities and small stream swamps is warranted to confirm these findings.
The ultimate goal of this study is to provide design criteria for mitigation projects that produce specific forest communities that are persistent and self-sustaining. It is hoped that this type of information may one day be used to develop simplified methods of modeling hydrologic and edaphic factors to ease mitigation design and increase the likelihood of project success.
The correct hydrologic regime must be established for the target plant community to persist. The 6-day flood frequency in the growing season explained most of the variation among groups of plots and can perhaps be used as a surrogate for other more complex measures of hydrology. Other researchers have suggested the use of very detailed water budgets in wetland mitigation design (11, 24) , but that can be impractical for many projects because of cost and time constraints. Use of a single flood frequency, which by nature is highly correlated with other flood recurrence intervals, may be sufficient and practical.
Clearly, soil quality is an important factor in determining the composition and productivity of the resultant wetland community. The researchers have found that soil is often ignored or treated casually in many mitigation projects. At some time in the near future, the researchers hope to determine the practicality of manipulating soil properties such as CEC for control of plant community composition. Even if manipulation of that type of detail proves to be unnecessary or impractical, it is imperative that a good-quality soil with physical properties (particularly texture and bulk density) similar to those of the target natural ecosystem be established on the mitigation site.
